A forty-kilodalton (40-kDa) protein was extracted from alveolar bone of young adult rabbit with 0.5 M EDTA after extraction with 4 M GuHCl, and purified by gel-filtration, anion-exchange and hydroxyapatite columns using a high-pressure liquid chromatography system under denaturing conditions.
Introduction
Several bone proteins have been isolated from mineralized matrix of bone, and their characteristics, especially those related to calcification and matrix formation, have been determined; small proteoglycans [1, 2] , bone sialoprotein [3] , osteopontin [4, 5] , osteocalcin [6, 7] , small collagenous proteins [8] [9] [10] and osteonectin [11] [12] [13] have received special attention.
Among these, osteonectin was first characterized by TERMINE et al. [11] , who demonstrated that it was a phosphorylated glycoprotein binding to both hydroxyapatite and collagen, and accounting for about 25% of all non-collagenous proteins in fetal bovine bone. With regard to the in vitro biosynthesis of osteonectin, OTSUKA et al. [14] reported that osteonectin was produced by fetal porcine calvarial cells, and KUWATA et al. [15] identified pre-osteonectin produced by cell-free translation of fetal porcine calvarial mRNA. Subsequently, DOMENICUCCI et al. [12] determined the amino acid sequence of osteonectin extracted from fetal porcine calvaria. Recently, it was reported that osteonectin from adult bovine bone inhibited hydroxyapatite crystal formation more strongly than osteocalcinr161, although it bound to a partially purified type I collagen preparation, as described by TERMINE et al. [11] .
Concerning osteonectin in alveolar bones, EDA[131 reported that osteonectin extracted from rabbit mandibles was able to bind to both hydroxyapatite and gelatin, and determined its amino acid composition. However, its other properties are still unclear.
In this study, we purified a mineral-binding 40-kDa glycoprotein from alveolar bone of young adult rabbit and clarified its characteristics; the protein was treated with bacterial collagenase, thrombin and cyanogen bromide, and its lectin-binding abilities and amino acid composition were determined. The data obtained indicated that this 40-kDa glycoprotein was rabbit alveolar bone osteonectin.
Materials and Methods

Extraction Procedures
Bone proteins of rabbit(3 months old) mandibular alveolar bone were extracted according to the three-step procedure described by OHMORI et al. [17] . The alveolar bone blocks were carefully cleaned to avoid contamination with surrounding soft tissues, and frozen in liquid nitrogen. Then, the bone blocks were broken with a mortar and pestle into small pieces (less than 8 mm3).
Fifty grams of the fragmented bone was washed overnight with ice-cold phosphate-buffered saline solution (PBS), pH 7.4, deficient in Ca' and supplemented with the following protease inhibitors (PIs): 1 mM phenylmethylsulfonyl fluoride, 5 mM benzamidine hydrochloride, 10 mM E-amino caproic acid and 5 mM N-ethylmaleimide. First, the bone fragments were washed with 2 liters of 4 M guanidine hydrochloride solution (GuHCl) containing the PIs with constant stirring to remove organic materials bound to the non-mineralized phase of the fragments; the pH value of the solution was adjusted to 7.4 with 50 mM Tris-HCl buffer. The fragments were rinsed for 5 days by changing the GuHCl solution every day, and the supernatant solution was collected by centrifugation for recovery of organic materials; this fraction was termed the G1-extract. Subsequently, the bone fragments were rinsed with 2 liters of PBS-PI/day for 3 days, and then organic materials in the mineral phase of the bones were extracted with 2 liters of 0.5 M ethylenediaminetetraacetic acid (EDTA) containing PIs for 10 days, changing the solution five times in 2 days; the pH was adjusted to 7.4 with min, the column was washed with 19 ml of the buffer at a flow rate of 0.5 ml/min, and the proteins were eluted with a linear gradient of 10 to 500 mM phosphate at a flow rate of 0.5 ml/min using a HPLC system; 1.0-ml fractions were collected. The fractions containing the 40-kDa protein were pooled, desalted with a PD-10 column and freeze-dried for final purification. The freeze-dried material containing the 40-kDa protein was dissolved in 500 in 7 M urea. The proteins were separated into three symmetrical peaks as illustrated in Fig. 3 , except for the flowthrough fraction. According to the gel staining after SDS-PAGE, a 40-kDa protein showed the highest peak eluting with 250 mM NaCl, and the fractions containing this protein were pooled (bar in Fig. 3 ). The pooled material was suspended in 10 mM phosphate with 7 M urea, and applied to a hydroxyapatite column. The protein was separated into two peaks, a small unbound peak and a large peak bound to the hydroxyapatite, as shown in Fig. 4 ; the 40-kDa protein was in the bound peak (bar in Fig. 4) . After combining the fractions containing the bound peak, the pooled material was applied to a Mono Q column in the presence of 7 M urea, and each fraction was determined by SDS-PAGE. The 40-kDa protein was purified to apparent homogeneity with a sharp symmetrical peak (bar in Fig. 5 ).
The purified 40-kDa protein was stained strongly with silver (Fig. 6, lane 1) , and also stained blue with Stains-all (Fig. 6, lane 8) after SDS-PAGE under reducing conditions. Under non-reducing conditions, however, the protein band was stained weakly with silver; the band migrated to the same position as that Fig. 4 Hydroxyapatite column chromatography The freeze-dried material pooled from the DEAE column was dissolved in 500 pl of a starting buffer (50 mM Tris-HC1, pH 7.4, containing 10 mM phosphate and 7 M urea), and applied to a hydroxyapatite column (0.75 X 5 cm) at 0.2 ml/min. The column was washed with the starting buffer at 0.5 ml/min, and the proteins were eluted with a linear gradient of 10-500 mM PO4 at the same flow rate, 1.0-ml fractions being collected. Protein concentrations were monitored by absorbance at 230 nm. Fractions containing the 40-kDa protein were pooled (bar), desalted on PD-10, and then freeze-dried.
Fig. 5 Mono Q column chromatography
The freeze-dried material pooled from the hydroxyapatite column was dissolved in 500 pi of 50 mM Tris-HC1, pH 7.4, containing 7 M urea and applied to a Mono Q column (0 .5 X 5.5 cm).
Proteins were eluted with a linear gradient of NaCl (0-1 .0 M) and 1.0-ml fractions were collected; the column was run at 1.0 ml/min. Protein concentrations were monitored by absorbance at 230 nm. Fractions containing the 40-kDa protein were pooled (bar), desalted on PD-10, and then freeze-dried to determine some of the characteristics of the 40-kDa protein . Fig. 6 Characterization of the purified 40-kDa protein The purified 40-kDa protein was applied to a gradient gel (5-20%) on a minislab system under reducing (lanes 1-6 and 8) or non-reducing (lane 7) conditions . The SDS-polyacrylamide gel was stained with silver (lanes 1-7) or Stains-all (lane 8). Lane 1, the 40-kDa protein stained with silver under reducing conditions; Lane 2, the protein treated with bacterial collagenase; Lane 3 , bacterial collagenase; Lane 4, the protein treated with thrombin; Lane 5 , thrombin; Lane 6, the protein cleaved with cyanogen bromide; Lane 7, the protein stained with silver under nonreducing conditions; Lane 8, the protein stained blue with Stains-all . 7 ). PAGE. It was found that the protein was not susceptible to either enzyme, indicating that it was neither a collagenous protein nor osteopontin. TERMINE et al. [11] showed that calf osteonectin contains sialic acid, glucosamine and galactosamine as carbohydrate side chains. Therefore, to determine the type of carbohydrate in the 40-kDa glycoprotein, the binding of lectins was analyzed by Western blotting. Con A and LCA bound to the protein, but PNA, RCA, PHA and WGA did not. These results suggest that the protein has mannose and/or glucose residues as carbohydrate chains, and that it is not a proteoglycan fragment. Furthermore, the protein was cleaved completely with cyanogen bromide, suggesting that it contains methionine residues.
The amino acid composition of the protein showed a characteristically high content of acidic amino acids and/or their amines, together with leucine, proline, lysine and glycine residues similar to the composition of calf [11] and porcine[121 osteonectin and murine SPARC protein [21] .
These results suggest that the present mineral-binding 40-kDa glycoprotein extracted from alveolar bone of young adult rabbit is the same protein as osteonectin/SPARC proteins from other tissues.
